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The stillbirth rate in first-calvers in the Swedish Holstein (SLB) dairy cattle population has 
increased. At later calvings in SLB, and in the other main Swedish dairy breed, the Swedish 
Red and White (SRB), by contrast, there has been little change in stillbirth rates over the 
last two decades. The overall objective of this study was to investigate and compare genetic 
variation in the calving traits of these two breeds, and to propose improved methods by 
which to select for a reduction in calving problems. 
 
The SLB heritabilities were 3-6% for stillbirth and calving difficulty at first calving. At 
second calving they fell to below 1%. In SRB the heritabilities were lower, at 0.5-2%, and 
the difference between first and second calvings was less pronounced. The heritabilities for 
direct effect were always slightly higher than those for maternal effect. Genetic correlations 
between direct and maternal effects were in all cases close to zero. In SLB a large variation 
(3-16%) was observed in the stillbirth rate of sires and maternal grandsires. Approximately 
half the genetic variation in stillbirths remained after adjusting for calving difficulty. 
In SLB the genetic correlations between parities for stillbirth and calving difficulty were 
medium-high (0.4-0.5). Thus stillbirth and calving difficulty at first calving cannot be 
considered the same traits in heifers and cows. In SRB the genetic correlations between 
first- and second-calving results were high (0.7-0.8). Here, therefore, stillbirth and calving 
difficulty are determined to a much greater extent by the same factors and genes at first and 
later calvings. Thus although the two breeds differ genetically from each other at first 
calving, at second calving there are no obvious differences. 
 
In both breeds bulls should be evaluated both as sires and maternal grandsires, and both 
stillbirth and calving difficulty should be included in the genetic evaluations. In SLB it is 
unlikely that the accuracy of a bull’s estimated transmitting ability (ETA) can be increased 
by including information from second calving. In SRB, on the other hand, the accuracy of 
breeding values will be considerably improved by using information from both calvings. A 
bivariate or a repeatability model would be equally appropriate here. 
 
In the SLB study we concluded that heritabilities from linear analyses adjusted from the 
visible to the underlying scale corresponded well with those directly estimated by threshold 
models. For SRB, threshold analyses were unsuccessful as a result of the low incidences 
and low heritabilities in the calving traits. At present, therefore, there is no reason for using 
a more time-consuming method that also is very sensitive to the structure of the data. 
 
The studies reported here indicate that heifers of both breeds should be at least 24 months 
at calving, as this will minimise the rates of stillbirth and calving problems. For the same 
reason, it would be advantageous to encourage calvings in late summer or early autumn. 
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 Introduction 
Data from the milk recording scheme show that stillbirth rates in first-calving 
Swedish Holsteins (SLB) have steadily increased since the middle of the 1980s. 
The rate is presently 10.4%, and the proportion of difficult calvings reported is 
6.9% (Swedish Dairy Association, 2005). In subsequent calvings the incidence of 
stillbirth drops considerably. Interestingly, this contrast – between stillbirth rates 
in first and later calvings – is not seen in the Swedish Red and White Breed 
(SRB), which is the other main dairy breed in Sweden. In SRB, calving number 
makes almost no difference to stillbirth rates (Figure 1). The reasons for this are 
unknown.  
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Figure 1. Annual statistics from the milk recording scheme for a) stillbirth (%) and 
b) calving difficulty (%) for heifers and cows of SRB and SLB. 
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During the last two decades semen from the high-yielding North American 
Holstein has been widely imported into Sweden, and the SLB breed is now 
heavily influenced by Holstein Friesian genes (Philipsson, 2005). In the USA, 
Holstein Friesians have been shown to have as high an incidence of stillbirths as 
13% at first parity (Meyer et al., 2001). In the older type of SLB there was a high 
proportion of difficult calvings (approx. 16%) but a moderate stillbirth rate (7.5%) 
at first parity (Elvin, 1965). The stillbirth rate decreased to even lower levels (5-
6%)  during the 1970s as a result of strategic selection and the use of bulls 
(Philipsson, 1976a). The causes of stillbirth have changed since then. The problem 
used to be heavy calves, and therefore difficult calvings; but more recently 
stillbirth has been connected with vitality (Berglund and Philipsson, 1992). Many 
calves die with no obvious cause of death (Berglund et al., 2003). About half or 
more of the stillbirths occur among calves that have not undergone difficult 
calving (Hagnestam, 2003; Johanson and Berger, 2003). 
 
The overall aims of this study were therefore to illuminate differences in calving 
traits and their inheritance between the SLB and SRB breeds; and in the process to 
obtain information permitting improved methods of genetic evaluation to be 
applied. 
 
 
Background 
Importance of stillbirth and calving difficulty 
Stillbirth and calving difficulty are ethically and economically important traits, and 
it is very much in the interest of both farmers and the public that they occur at the 
lowest possible levels. From an animal welfare point of view it is unsatisfactory 
that, roughly speaking, every ninth calf from Holstein first-calvers is dead at birth 
or dies within 24 hours of being born. In addition to the fact that both the dam and 
calf may have been suffering during delivery there is a risk that the dam will be 
seriously injured. Economically, such injury means that stillbirth can introduce 
costs above those implied by loss of the calf itself. A recent study of Australian 
Holsteins concluded that the greatest cost associated with calving difficulty was 
due to reduced fertility, at 33% of total cost for primiparous cows, and 27% for 
multiparous cows. Loss of the cow was the second largest cost, at 19% and 22%, 
respectively, for primiparous and multiparous cows. A stillborn calf accounted for 
15% of the costs, and extra labour accounted for 18% (McClintock, 2004). The 
risk of having retained placenta is a fertility problem; it may also influence milk 
production during the lactation period (Philipsson, 1976c). 
 
Reduced milk production caused by calving difficulty has been found (Djemali 
et al., 1987; Dematawewa and Berger, 1997). Rajala and Gröhn (1998) found that 
calving difficulty had no impact on milk yield in first lactation but did affect 
production in the second and third lactation. The most costly cases of calving 
difficulty are obviously those that involve surgery or complicated 
malpresentations, but it is the more ordinary, less expensive cases which, because   9 
they are more frequent, cause the highest average cost across the herd as a whole 
(McClintock, 2004). 
 
Recording and definition of traits 
In Sweden we have access to unique data on calving traits. The Swedish milk 
recording scheme is integrated with the AI recording scheme and health recording 
services. As almost 90% of Swedish cows are included in the milk recording 
scheme, this means that very extensive data are available for research and genetic 
evaluations (Swedish Dairy Association, 2004). 
 
Stillbirth is often defined as birth in which an animal is born dead or dies during 
or a short time after parturition. In Swedish genetic evaluation of bulls, and in the 
analyses of this thesis, the limit for stillbirth is 24 hours after birth. If the dead calf 
is delivered earlier than 215 days it is categorised as an abortion, and calvings in 
which gestation ends at 215-240 days are considered early. In our study these 
categories are excluded from the genetic analyses.  
 
In the Swedish milk recording scheme there are four options to choose from 
when categorising calving performance. These are: normal calving; difficult 
calving (where it is stipulated that the heifer or cow was unable to calve without 
assistance); malpresentation; or no observation on calving performance. In the 
present work, however, the trait was analysed in two classes: normal calvings, 
which also included records with no observation of calving performance, and 
difficult calvings, which included malpresentations. 
 
Direct and maternal effects 
The calving traits, together with such traits as birth weight, are genetically affected 
not only by the calf itself but also, to a large extent, by characteristics of the dam 
(Figure 2). The dam’s size – especially her rump-width, pelvic opening and angle 
of pelvic opening – is an important factor, as is the size and fitness of the calf itself 
(Meijering, 1984). Additive genetic direct effect is defined as the ability of the calf 
to be born. This is measured as variation between sires of the calves. The maternal 
genetic effect is defined as the ability of the dam to give birth, and is largely 
measured as variation between maternal grandsires of the calves (daughter 
groups). It is thus important to take the maternal grandsire of the calf into account. 
Bulls in Sweden are genetically evaluated for calving traits as both sires and 
maternal grandsires. Both these traits are included in the total merit index. 
 
The size and shape of calf can be unsuitable given the specific size and shape of 
its dam’s pelvic opening; this is often referred to as feto-pelvic incompatibility 
(Meijering 1984). If bulls known for siring small calves, and therefore easy births, 
are too widely used they may yield small heifers which themselves might 
encounter problems when calving the first time. In the majority of studies to be 
found in literature the genetic correlation between direct and maternal effects was 
found to be slightly negative for both stillbirth and calving difficulty (Cue and Hayes, 1985; Dwyer et al., 1986; Manfredi et al., 1991; Luo et al., 2002). An 
exception is Groen et al. (1998), who found a positive relationship for calving 
difficulty.  
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Figure 2. Illustration of the influence of direct and maternal effects on calving (after 
Meijering, 1984). 
 
Stillbirth has more than one cause (or is multifactorial), and the increase in first-
calving SLB is most probably due to a variety of factors (e.g. Berglund, 1996). In 
a study based on post-mortem examination it was found that only 46% of the 
stillborn calves had experienced a difficult calving. For about a third of the calves 
no cause of death could be determined, and these calves were spread among all 
weight classes except for the one with calf weights above 56 kg (Berglund et al., 
2003). 
 
The presence, and variation, in levels of hormones in the blood of both calf and 
dam may also be a factor in stillbirth and difficult calvings. In an endocrinology 
study emphasising stillbirth no significant differences were found in placental 
characteristics of animals giving birth to stillborn, and animals bearing viable, 
calves (Kornmatitsuk et al., 2002). 
 
Inbreeding may be one factor in calving problems, as has been shown by 
Adamec et al., (2006). In their study, the unfavourable effect of inbreeding on 
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calving difficulty and stillbirth was demonstrated. The effect was greatest in first 
parity cows and declined with parity. 
 
Birth weight and gestation length as related traits 
Johanson and Berger, (2003) noticed that short as well as long gestation lengths 
caused a number of calving problems. The gestation length with minimum risk of 
mortality was 282 days; the average length in that study was 279 days. The ratio 
between the cow’s and the calf’s weight is a good predictor of stillbirth (Johanson 
and Berger, 2003). A wide variation of birth weight was seen among stillborn 
calves, but stillborn calves not dead as a result of calving difficulty tended to be 
lighter than the average for stillborn calves (Berglund et al., 2003). An association 
between longer gestation length and increased problems with stillbirth and calving 
difficulty has been seen in many studies (e.g. Philipsson, 1976; McGuirk et al., 
1999; Meyer et al., 2001). Inclusion of gestation length in the model, however, 
gives limited effects on stillbirth and calving difficulty due to the non-linear 
relationship (Hansen et al., 2004). 
 
Genetic parameters and evaluations 
No specific genetic parameters have earlier been estimated for SRB, so the same 
parameters for calving traits have been used in the Swedish genetic evaluations for 
both SLB and SRB. Since the prevalence of calving problems clearly differs 
between the breeds at first calving, it is not obvious that the traits should be treated 
in genetic evaluations in the same way for both breeds. Similarly, the parameters 
for SLB have not been updated since long before this study. An update is needed 
here, as both the population and the characteristics of the traits, especially 
stillbirths, have changed over recent decades. 
 
In Sweden, since 1994, we have been using a linear BLUP sire-maternal 
grandsire model for genetic evaluations of stillbirth and difficult calving for bulls, 
both as sires and maternal grandsires. We have also, as in the other Scandinavian 
countries, been studying functional traits for the last three decades (Philipsson and 
Lindhé, 2003). The high stillbirth rate of the Holsteins was a leading concern in 
the study by Berglund and Philipsson (1992). During the last two years many 
other countries have started to monitor the calving traits of their Holstein 
populations. Among the members of Interbull, many countries presently evaluate 
the bulls for calving difficulty, and the majority of them now also evaluate bulls 
for stillbirth. International evaluations for calving traits were launched by Interbull 
in 2005 (Mark et al., 2005). 
 
Stillbirth and calving difficulty are all-or-none traits, which make them 
complicated to analyse. However, in all studies it is assumed that there is an 
underlying normal variation of the traits. Ideally, a threshold model would be 
preferred for such analyses. Such a model is used for the genetic evaluation of 
calving ease in France (Ducrocq, 2000) and the USA (Van Tassel, 2003). For it to 
function properly, the structure of the data must not give rise to extreme   12
categorisation problems of the sort entailing that all observations in one subclass 
happen to be in the same category. Rather large subclasses are therefore required, 
and since subclasses of this kind are often not used, linear models for evaluation 
have in practice been more commonly preferred (e.g. Hagger and Hofer, 1990; 
Ramirez-Valverde, 2000; Jamrozik et al., 2005). 
 
 
Objectives of the thesis 
The specific aims of this study were: 
 
•  to improve our knowledge of genetic variation in stillbirth and calving 
difficulty, and of the relationship between these two traits, in the two 
most common Swedish dairy cattle breeds: SLB and SRB. 
 
•  to investigate the relationship between first- and second-calvers, and 
between direct and maternal genetic effects, in respect of stillbirth and 
calving difficulty in SLB and SRB. 
 
•  to ascertain effective ways of analysing such low heritability traits as 
stillbirth and calving difficulty, that often show a relatively low incidence 
level, regarding actual populations and herd structures. 
 
•  to map out genetic features, and differences between the calving traits, of 
SLB and SRB that enable separate, well adjusted genetic evaluation 
programmes for each breed to be set up. 
 
•  to provide information that may help to reduce calving problems and 
stillbirth rates by improving the genetic evaluation of bulls for calving 
traits. 
 
Summary of the investigations presented 
I. Genetic effects on stillbirth and calving difficulty in Swedish Holsteins at 
first and second calving 
Stillbirth and calving difficulty in the SLB population were investigated. All first 
and second calvings during 1985 and 1996 were analysed. When material from the 
Swedish Dairy Association had been edited 411,409 first calvings and 281,193 
second calvings remained. In this material the incidences were: 7.1% stillbirth and 
8.3% difficult calvings in first-calvers; and 2.7% and 4.5% for stillbirths and 
difficult calvings in second-calvers. 
 
The analyses were performed with linear single trait sire-maternal grandsire 
models, and with threshold models using a Gibbs sampling technique. The 
heritabilities obtained for stillbirth at first calving, on the visible scale, were 3% 
and 4% for direct and maternal effects, respectively. For calving difficulty the   13 
corresponding heritabilities for direct and maternal effects were 5% and 6%, 
respectively. Inclusion of calving difficulty in the model for stillbirth at first 
calving resulted in halved heritabilities for both direct and maternal effects. Under 
the threshold model the heritabilities for stillbirth at first calving were 12% and 
8% for direct and maternal effects, respectively. The corresponding figures for 
calving difficulty were 17% and 12%. At second calving heritabilities were 
between 2% and 4% for stillbirth and 4-7% for calving difficulty. 
 
At first calving, the genetic correlations between stillbirth and calving difficulty 
were 0.80 for direct effects and 0.74 for maternal effects. Genetic correlations 
between bulls estimated breeding values at first and second calving were just 
under 0.5 for both direct and maternal effects; for calving difficulty they were 
between 0.6 and 0.7. Differences between bulls, both as sires and as maternal 
grandsires, were most visible in first-calving results. The heifer’s age at calving 
was an important factor, especially when the heifer was giving birth to a bull calf. 
Also, for stillbirth the age of heifer was important when the calf was a bull. 
Results from this study suggest that first-calving records should be used in routine 
evaluations of bulls for calving performance. Records from both stillbirth and 
calving difficulty, as well as results for bulls both as sires and maternal grandsires, 
should be used. 
 
II. Genetic effects on stillbirth and calving difficulty in Swedish Red and 
White dairy cattle at first and second calving 
In SRB, genetic effects on stillbirth and calving difficulty were studied in 804,268 
first- and 673,150 second-calvers. Univariate and bivariate linear sire–maternal 
grandsire models were used to analyse calving data from the period 1985-2000. 
The difference in mean incidence of stillbirth between first and second parity was 
small, at 3.6% vs. 2.5%. At first calving the heritability of stillbirth, on the visible 
scale, was 0.7-1.3% for the direct effect and 0.5-0.9% for the maternal effect. The 
corresponding figures for calving difficulty were approximately 2.5% and 2%. At 
second calving heritabilities for the two traits were of the same order as they were 
at first parity, albeit somewhat lower for stillbirth. The genetic correlations 
between first- and second-calving results were approximately 0.8 for direct and 
maternal effects in stillbirth and approximately 0.7 for calving difficulty. 
 
Univariate models for first and second calvings, analysed both separately and 
together in a repeatability model were compared with a bivariate model which was 
considered, theoretically, be the most correct. The correlations between bulls’ 
ETAs for stillbirth were 0.94-0.96 between results from first calving analysed with 
a bivariate model and results from the repeatability model. It was concluded, first, 
that calving traits at first and second parities could be treated as the same trait, and 
second, that bivariate analyses, or a repeatability model, including calving results 
for both heifers and cows should be preferred in genetic evaluations of SRB bulls 
as sires and maternal grandsires. 
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General discussion 
Causes of stillbirth and calving difficulty 
Non-genetic factors 
In SLB, the younger the heifer is the more probable it is that difficult calvings will 
occur. In a small group of very young SRB heifers there were also more problems. 
The results of this study are in general agreement with those of other studies (e.g. 
Berger et al., 1992; Fuerst and Egger-Danner, 2003; Hansen, 2004a). The practical 
lesson of this is that farmers should not let heifers conceive younger than 24 
months. 
 
Male calves were more common among stillbirths and difficult calvings. This 
may be partly explained by the fact that male calves are in general heavier than 
female calves. Also of equal weight bull calves had more problems (Hagnestam, 
2003). The differences between sexes found in the present study were evident in 
both breeds and are in general agreement with the literature (Meijering, 1984; 
Meyer et al., 2000). In this study there were also differences at second parity, even 
if they were not as great. Hansen et al. (2004) found that calves were largest at 
second calving, but that stillbirth and calving difficulty occurred at least twice as 
often at first calving. 
 
Season has a large influence. This can probably be explained by the fact that 
dairy cattle in Sweden are kept indoors from autumn to spring, and in many herds 
cows are also tethered. Most problems occur in late autumn and winter. During 
this time the cattle have limited opportunities to exercise. Similar results for 
calving difficulty and stillbirth were found in earlier Swedish studies (Philipsson, 
1976a). Thus the seasonal influence on calving performance has not changed. 
 
Breed differences and parity effects 
Incidences 
In both breeds, the incidence of stillbirth and calving difficulty were highest at 
first calving, but the incidence level was much greater in SLB. The stillbirth rate 
was twice as high in SLB heifers as it was in SRB heifers, and this difference has 
increased even more in later years (Swedish Dairy Association, 2005). Cows of 
the two breeds experienced almost the same incidence of stillbirth (see Table 1). 
The difference in calving traits between first and later parities is confirmed in 
many other studies (e.g. Bar-Anan et al., 1976; Berger et al., 1992; Meyer et al., 
2000; Eriksson et al., 2004). However, the smaller difference in SRB seems rather 
unique. 
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Table 1. Incidences (%) of stillbirth (SB) and calving difficulty (CD) for   
bull and heifer calves 
 
    S B     C D  
Breed  Parity   total  Bulls  Heifers   total  Bulls  Heifers 
SRB  1   3.6  4.2  3.0   4.0      5.2  2.8 
  2   2.5  2.8  2.3   1.9      2.2  1.4 
SLB  1   7.1  9.0  4.7   8.3  10.1  4.3 
  2   2.7  3.0  2.8   4.5      3.6  1.1 
 
Calves that are heavier than average tend to cause more calving problems and 
stillbirths, and very light calves have a higher mortality rate (Berger et al., 1992; 
Hagnestam, 2003). SLB calves have not become heavier over the last few decades 
(Hagnestam, 2003), but it is possible that the calves have a different build today – 
e.g. broader pelvis, larger scull, or deeper chest – and that this lead to problems. In 
the present study, records of birth weight were not examined, but clearly both a 
higher mortality rate and more difficult calvings occurred in bull calves of both 
breeds, especially at first calving. 
 
Genetic parameters 
Table 2 summarises the heritabilities estimated in our study. Although 
heritabilities were low for calving traits, there was, at least at first calving, 
considerable genetic variation in SLB. 
 
Table 2. A summary of the heritabilities (%) from the papers I and II 
 
  Visible scale    Underlying scale 
  Univariate model    Bivariate model     
  Calving no.  Calving no. 
 1  2  1  2  1  2 
h
2 stillbirth          
SRBdir 1.1 0.4 1.3  0.8  5.3  3.1 
SRBmat 0.5 0.5  0.9 0.8  2.1  3.2 
SLBdir 3.8  0.7     14.1 3.9 
SLBmat 2.8 0.3      11.3 2.2 
        
h
2 calving difficulties        
SRBdir 2.6 0.6 2.4  2.2  13.4 5.5 
SRBmat 1.8 0.5  2.1 0.8  9.2  2.5 
SLBdir 6.2  0.4     18.9 1.8 
SLBmat 4.8 0.2      15.1 1.3 
 
Among SLB bulls, there was a variation in the bulls’ ETAs for stillbirth rate 
between 3% and 16%, both as sires and maternal grandsires. At second calving 
there was much less genetic variation (1-4%), and there the incidences are at what 
might be considered an acceptable level. In SRB there was less variation overall, 
and smaller differences between parities. Both for stillbirth and calving difficulty, 
most studies have found higher levels of genetic variation and heritability at first   16
parity than they have found at later parities (e.g. Harbers et al., 2000; Fuerst and 
Egger-Danner, 2003). Ducrocq (2000), however, obtained heritabilities of the 
same size for stillbirths in both first and later calvings, as well as for direct and 
maternal effects, at first calving. In beef breeds the differences between 
heritabilities for calving difficulty at first and later calvings are not as accentuated 
as they are in general for dairy breeds, but they are nevertheless smaller at second 
calving (Eriksson, 2004). 
 
In SLB it was shown that heritabilities for stillbirth halve when adjustments are 
made for calving difficulty. Thus considerable genetic variation in stillbirth rate, 
or the vitality of calves at birth, remains independent of calving performance. 
 
The heritability estimates for SLB at first calving have increased to almost twice 
their value in previous investigations in Sweden (Philipsson, 1976b). The stillbirth 
rate has, however, also increased during the same period and is part of the cause of 
the higher heritability. These changes in the breed, and the increased genetic 
variation in stillbirth at first calving, have partly been caused by the influx of 
North American Holstein Friesian genes that started on a large scale in the 1980s; 
the influx has continued during the period of the present study. At second calving 
there has been no increase in heritability and only a moderate increase in the 
stillbirth rates over the years. This might be due to the fact that the breed has been 
changed genetically: perhaps the heifers have become in some way less mature at 
the common calving age, because at second calving there is no obvious trend 
towards increased problems with stillbirth and calving difficulty.  
 
The heritability of direct effect was usually slightly higher than that of maternal 
effect. The exceptions were in univariate analyses of stillbirth at second calving, 
bivariate analyses of stillbirth at first and second calvings, and bivariate analyses 
of calving difficulty in first and second calvings. These exceptions could be 
explained by the low incidences and low heritabilities of the traits. 
 
The most common finding in the literature on heritabilities for direct and 
maternal effects for stillbirth is that the estimates are slightly higher for direct 
effect than maternal effect (e.g. Fuerst and Egger-Danner, 2003; Hansen et al., 
2004b). The reverse of this relationship has, however, also been found. Harbers et 
al., (2000) obtained a heritability for the direct effect of stillbirth in first parity of 
3% (which is slightly lower than ours). Their estimate of the heritability of 
maternal effect was higher, at 5%. 
 
The estimated heritabilities for stillbirth in SLB, using linear models, were 5% 
and 6% for direct and maternal effects, respectively. Transformed to the liability 
scale, they corresponded to 15% and 17%. The heritabilities obtained using a 
Bayesian threshold model were only slightly lower than the transformed ones. The 
direct and maternal effects were slightly positively correlated when the threshold 
model was used, but weak negative correlations were found when the linear model 
was applied. They were all close to zero, however, which indicates that selection 
on either effect for stillbirth would not affect the other effect to a significant 
extent.   17 
 
For stillbirth and calving difficulty in SLB, the genetic correlation between first 
and second parity was approximately 0.5 for sires and varied between 0.4 and 0.7 
for both traits of maternal grandsires. Even if these correlations not are considered 
low, results from second calving will, in combination with the low heritabilities 
and incidences in second parity, fail to increase the accuracy of estimates of the 
breeding values for bulls in respect of the calving traits. In SRB, however, there 
were only minor differences, both phenotypically and genetically, between the 
first two parities for both stillbirth and calving difficulty. The genetic correlations 
between parities here were also higher, at between 0.7 and 0.8. These results show 
that, in SLB, stillbirth and calving difficulty at first calving are not the same traits 
as stillbirth and calving difficulty at second calving; in SRB, on the other hand, 
these calving traits at different parities can to a much greater extent be regarded as 
the same traits. 
 
Genetic evaluation  
Data structure and models 
The analysis of categorical data should theoretically be performed by threshold 
methods (Gianola, 1982), but these types of method are very time-consuming and 
require the data to be structured in a certain way. In our study of SLB the Bayesian 
approach, with Gibbs sampling, functioned quite well. In the SRB population 
studied, by contrast, there were too few, or no, stillborn calves in many herd-year 
subclasses, and this created extreme category problems (ECPs). We therefore 
chose linear models for the analyses of SRB data. We also found that the 
heritabilities obtained for SLB by the transformation of results on the visible scale 
to the underlying scale corresponded quite well with results achieved directly from 
threshold analysis. We conjectured that use of linear models for the genetic 
evaluation of calving traits may well be satisfactory. This conjecture is well 
supported by recent literature (Ramirez-Valverde, 2001; Jamrozik et al., 2005). 
 
In SLB, low heritabilities and low incidences in calving traits at later calvings 
mean that results from calvings after the first should not be used in the genetic 
evaluation of bulls for calving traits. Neither was there, in our study, any 
significant genetic variation at second calving. In SRB the situation is different. 
Here both stillbirth and calving difficulty can be considered as largely the same 
trait at first and later parities. Consequently, despite the low heritabilities and low 
incidences, the inclusion of second calving results in the genetic evaluations here 
would improve the reliabilities of the ETAs of the evaluated bulls by about 50%. 
The analyses delivered rather similar results for the bivariate and repeatability 
models. 
 
Concluding remarks and future research 
•  The two main dairy breeds in Sweden, SLB and SRB, differ remarkably, 
both phenotypically and genetically, in calving traits at first parity,   18
whereas no real differences exist at later parities. They therefore require 
different genetic evaluation programmes. 
 
•  In SLB there is nothing to be gained by including results from second and 
later calvings in the genetic evaluation of bulls for calving traits. In SRB, 
on the other hand, including results from second calving will significantly 
improve the accuracy of the bulls’ ETAs. Either a bivariate or 
repeatability model would be sufficient here. 
 
•  Small contemporary group sizes, and low incidences and/or heritabilities, 
make use of a threshold model in the genetic evaluation of calving traits 
in SRB difficult. The threshold model can, however, be used successfully 
in analysing calving traits in SLB. Since results from linear analyses 
correspond satisfactorily with those from analyses using the threshold 
model, there is at present no reason to replace a simple, well-functioning 
method with a more time-consuming one. 
 
•  In SLB a clear genetic variation in the stillbirth rate, and in the vitality of 
calves at birth is present independently of calving difficulty. 
 
•  In order to minimise calving problems and mortality, heifers of both 
breeds studied should not conceive younger than 24 months. Late 
summer or early autumn calvings will reduce problems at calving. 
 
•  Research is needed to clarify the reduced vitality of SLB (and more 
widely, Holstein) calves born at first parity. 
 
•  The rising stillbirth rate – reported both in Sweden and internationally for 
the Holstein breed – calls for international cooperation in research and 
selection programmes. 
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